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Finite-Element Analysis I 

t^ypes of elements available for finite-element analysis for structural problems. Not all 

: ^-D truss dement support 

y three trMslational degrees of freedom at each node. Connecting elements tith 
differing dof s generally requires some manual modification. For example, consider 
connecting a truss element to a frame element. The frame element supports all six 

dof f a .acl, node. A fraa., when connee.ed .o i,. can ,«a.e Lly a 

connection. 


tohTe! n r one-dimensional 

problem, nsing the linear truss element. A truss element is a bar loaded in tension or 

ThXTT "" i" cross-sectional area A, length /, and elastic modulus E 

The basic truss element has two nodes, and for a one-dimensional problem, each node 
will have only one degree of freedom. A truss element can be modeled as a simple 
lineal spring with a spring rate, given by Eq. (4-4), p. 163, as ^ 


Ficf f '■ as shown in 

n^mberlomesno "‘^^tiered. So, to avoid confusion as to what a 

fore, f H a ? elements will be numbered within parentheses. Assuming all 

node ci^be ItTZ"" " 


fi. e — k,XUj — Uj) = k^Mj — k^Mj 

fj. e ~ kf{Uj — U-) = —k^dij + k^Uj 

The two equations can be written in matrix form as 


(19-2) 


jA.i r K 

UJ /vJliJ (19-3) 

Next consider a two-spring system as shown in Fig. 19-4fl Here we have 
numbered the nodes and elements. We have also labeled the forces at each node 
However, these forces are the total external forces at each node, f, F, and F, If 

f-- - ^hown 


A-,. 



Figure 19^3 


A .simple spring element. 









































Finite-Element Analysis 


~ Next, considJ 
numbered the nod 
However, these foi 
we draw separate ' 
^SJFia. \9-A-b. 


a" a tjy^spring sy^pm as shown in Fig. \9—Aa. Here we have 
^‘y^lhrn^s. have also labeled the forces at each node. 
Epes,^'e||je'^ari^e^rnal forces at each node, F,, F 2 , and If 
l^e-bodyySiagrar* we will expose the internal forces as shown 


A simple spring element. 


types of elements available for finite-element analysis for structural problems. Not all 
elements support all degrees of freedom. For example, the 3-D truss element supports 
only three translational degrees of freedom at each node. Connecting elements with 
differing dof's generally requires some manual modification. For example, consider 
connecting a truss element to a frame element. The frame element supports all six 
dof’s at each node. A truss member, when connected to it, can rotate freely at the 
connection. 


Consider a spring element (e) of spring rate with nodes i and j, as shown in 
Fig. 19-3. Nodes and elements will be numbered. So, to avoid confusion as to what a 
number corresponds to, elements will be numbered within parentheses. Assuming all 
forces / and displacements 11 directed toward the right as positive, the forces at each 
node can be written as 


Figure 19-3 


The Finite-Element Solution Process 

We will describe the finite-element solution process on a very simple one-dimensional 
problem, using the linear truss element. A truss element is a bar loaded in tension or 
compression and is of constant cross-sectional area A, length /, and elastic modulus E. 
The basic truss element has two nodes, and for a one-dimensional problem, each node 
will have only one degree of freedom. A truss element can be modeled as a simple 
linear spring with a spring rate, given by Eq. (4-4), p. 163, as 


The two equations can be written in matrix form as 


19-3 


i 


(19-2) 
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4. For the pogo stick shown below, determine the dynamic force that a 60-lb child puts 
on the stick when the child lands after jumping 4 inc.hea off the ground. Assume a 
spring COnstajit of oO Ib/in. Also estimate the natural frequenc}' of the system if the 
stick weighs 5 lb. 
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4-93. Determine the maximum normal stress developed 
in the bar when it is subjected to a tension of P = 8 kN. 
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12 mm 
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6-137. llie curved member is subjected to the internal 
moment of A/ = 50 kN • m. Determine the percentage error 
introduced in the computation of maximum bending stress 
using the flexure formula for straight members. 

6-138. The curved member is made from material having 
an allowable bending stress of o-„|,o,,= 100 MPa. Determine 
the maximum allowable internal moment M that can be 
applied to the member. 
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If we isolate a differential segment of the beam, Fig. 6-40£', the ' - j 
tends to deform the material such that each cross section will ' -i 
through an angle Sd/2. The normal strain e in the strip (or 1 "r ’I 
material located at r will now be determined. This strip has an o 
length rcW, Fig. 6-406. However, due to the rotations 50/2 the : 
total change in length is 86{,R — r). Consequently, e = 60(7? — n rM 
we let k = SdjdO, which is the same for any particular strip, we ^ 
e = k{R — r)/r. Unlike the case of straight beams, here it can be 
that the normal strain is a nonlinear function of r, in fact it varies ^ 
hyperbolic fashion. This occurs even though the cross section . 
beam remains plane after deformation. If the material remains Ir r " v- 
elastic then a = Ee and so if 


Fig. 6-40 (fonf.) 


This variation is also hyperbolic, and since it has now been estab 
we can determine the location of the neutral axis and relate the 
distribution to the resultant internal moment M. 

To obtain the location R of the neutral axis, we require the resi 
internal force caused by the stress distribution acting over the 
,section to be equal to zero; i.e.. 


Since T/qand R are constants, we have 


Solving fd/ R yields 


R = tfte location of the neutral axis, specified from the cente' 
purvature O' of the member 
A the cross-sectional area of the member 

;• ,*= the arbitrary position of the area element dA on the cross se;: 

.f specified from the center of curvature O' of the member 

^UTe integral in Eq. 6-23 has been evaluated for various cross-seciicjs 
geometries, and the results for some common cross sections are IL 
in Table 6-1. 
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D Ladings 


<^inner diameter of 4 & and a 
ximuiri internal pres^e it can 
^itial nor its longitudlMl stress 
the sapevo^i^iAty^^liat is 
I 3 siniftarailk^pl^ical vessel 


A cylindrical pressure vessel 
thickness of i in. Determkje 

sustain so th^'ceithliils |ir( 
comnflftfi^ffxcleds'fo ks^ 


^nterna^r*^ 


rite 

we havi 
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:tion. }m^ E 


circ! 


Ti this pi^^e is reach|(Mrom Eq. 8-2, the stre.ss 

S «p trj = U20ksi) lOksi. 
le radial direction occurs on the 
^ el and is (cr.i)ma.x ~ P ~ 417 psi. 

lafc s[na|eiw*an the circumferential stress (20 ksi). 
ms effa^ will be neglected. 


;ction 


■i|ti^#ss8l. yiere the maximum stress occurs in any two 
^icuiar directions on an element of the vessel, Fig. 8-2a. From 
T we have 


NOTE: Although it is difficult to fabmate, the spherical pressure 
vessel will carry twice ^ much internalaii^sure as a cylindrical vessel. 
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What are the dimensions of a standard coke can 


http://www.answers.eom/Q/Whatarethe_dimensions_of 


In COCA-COLA 

What are the dimensions of a 
standard coke can? 

Pipe Marking Wall Chart 

Free wall ehart - pipe color coding standards set by ANSI and 

A nx /TT^ 


If the can were just a cylinder, its dimensions would be 21/2" wide by 413/16" tall. But the can is 
not just a cylinder, it is tapered at the top and bottom. The top rim is only 23/32" in diameter and 
the bottom is even smaller at 129/32" in diameter. This is so the cans can stack, of course. The 
cylindrical middle is 313/16" tall. The upper cone is 11/16" tail and tapers from the middle to the 
top, leaving 5/16" for the lower cone tapering at the bottom. There is a spherical indent at the 
bottom of the can (about 3/8" at its deepest) which I did not measure and a tapered cylindrical 
indent in the top (about 3/16") which I also did not measure. I don't work in the industry, so those 
measurements may be off a little bit. I just measured a can as best I could with what I had 
available. 
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Was this answer useful? 
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*■1^-36. "Hie spherical pressLire vessel has an inner diameter 
of 2 m and a thickness of 10 mm. A strain gauge having a 
length of 20 mra is attached to it. and it is observed to increase 
tn length by 0.0'!2 mm when the vessel is pressurized. 
Determine the pressure causing this deformation, and find the 
maximum in-plane .shear ,sire,s,s, and the ab.solute maximum 
shciir stress at a point on the outer surface of the vessel, lire 
material is steel, for which = 200 G.^a and i'-, = 0.3. 


20 mm 
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6-10. Members ABC and BD of t'n.e counicr chair are 
rigidly connecied ai B and die sniooih collar ai D is allowed 
to move freely along the vertical slot. Draw the shear and 
moment diagrains for member ABC. 






lz-'\ fimM ^ 

^ ^ (^ea hT -D • 







F6-12. If the beam is subjected to a bending moment of 
/W = 10 IcN • m, determine the bending stress in the beam r;-: 
points A and B. and sketch the results on a differential 
element at each of these points. 





U-3. A picture is taken of a man performing a pole vault, 
and the minimum radius of curvature of the pole is 
estimated by measurement to be 4.5 in. If the pole is 40 mm 
in diameter and it is made of a glass-reinforced plastic for 
which = 131 GPa, determine the maximum bending 
stress in the pole. 








14-58. The lugboai has a weight of 120 000 lb and is 
traveling forward at 2 fl/s when il strikes the !2-in,-diameter 
fender post AB used to protect a bridge pier. If the po.st is 
made from treated w'hite spruce and is assumed fixed at the 
river bed, determine the maximum horizontal distance the top 
of the post will move due to the impact. Assume the tugboat 
is rigid and neglect the effect of the water. 











